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Dieter Rochhausen Member KdT 
VEE dkk SCHARFENSTEIN, DDR 9366 Scharfenstein 
INTRODUCTION 
A decisive criterion for the production stage 
of new and further developed products is given 
by verifying the reliability during design, 
whereby predetermined reliability requirements 
must be met by examinations and tests. Apart 
from the influence of the number of units tested, 
the assurance of the results essentially de-
pends on the correlation of the loads under 
test conditions and actual operating conditions. 
As hermetic compressors must be suitable for 
various app!ications of different requirements 
the selection of the testing conditions is of 
great importance. With a proper selection of 
tests and examinations' weak spots' can be 
found and removed in time in the stage of deve-
lopment, this being extremely important for a 
trouble-free carry-over into production. 
Based on the analysis of known testing methods 
a technique for verifying the reliability 
during design is proposed, the wear resistance 
being used as an example. 
ANALYSIS OF EXAMINATIONS AND TESTS WITH 
HERMETICALLY SEALED COMPRESSORS 
For proving the suitability of construction 
particularities of small hermetic compressors a 
great number of testing methods are known which, 
among others, shall make it possible to de-
termine the long-life behaviour, for example, 
1. of material3 and media 
- testing the media and materials on pressure 
- V 2 A pressure autoclave test 
- Philip test 
- life test with insulating materials 
- test by extraction 
2. of sub-assemblies 
- fatigue test of switching function 
relay test 
- testing the electric motor (excl.compressor) 
- testing the hermetically sealed compressor 
unit,with its compressor being blocked 
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J. of the finished hermetic compressor 
- application life test 
- wear test 
- endurance test 
- testing forwarding capability 
The great number of testing methods and its 
versatility show the processes within herme-
tic compressors being complicated and complex. 
New knowledge and experiences have resulted 
in continuous improvement of the existing 
tests and in the development of new tests, 
rasp., in such a way that the variety ob-
tained at present also includes a number of 
overlappings in regard to the aim and the 
results of the tests. On the other hand, how-
ever, a complete system of testing methods 
for verifying the reliability of a product 
has not yet been provided, as there are 
obviously some gaps as shown below. 
Conclusions on the reliability avialable due 
to the examinations and tests mentioned can 
be drawn only in a qualitative way, 
for 
- the correlation between testing conditions 
and the actual operating conditions has 
not sufficiently been proved, 
- the extend of the tests does not guarantee 
a statistically valid determination and 
- the failure curve is unknown 
In many cases they deal with proving the 
suitability of particularities in design, 
sub-assemblies and media, partly including 
qualitative data for the long-life behaviour. 
The valuation algorithm does not lead to 
the determination of reliability parameters 
but only to the evaluation of the physical 
or chemical changes, occurred on the 
specimen. 
Moreover the analysis shows that the exami-
nations and tests differ partly considerably 
depending on the manufacturers as can be 
seen on an example, table 1. 
Table 1: WEAR TESTS WITH HERMETIC COMPRESSORS 
Testing Conditions Mode of operation Evaluation 
r---------~---.--------~ 
Source 





















Linde -15 °C 65 °C 
/3/ 
Manufac-




Me 1.4 bar 16 ... 
Allister 17 bar 
/1/ 






























- mean winding 
temperature 





(8 min running, 
2 min stoppage) 
- continuous 
operation 










(8 min running, 
2 min stoppage) 
- ambient tempe-
rature 32 °C 
!s K 
- shell tempera-






- visual control 
- checking the parameters, 
refrigerating capacity 
(permissible reduction ) •.• 6% 
according to TGL 27878/04)and 
power input (permissible in-
crease 5 %) 
- measuring the wear rate of 
driving mechanism and piston/ 
cylinder 
- checking the parameters refri-
gerating capacity and power input 
(permissible deviation 7 %) 
- visual control of the driving 
mechanism and the valves (cp. 
with threshold limit samples) 
- checking the parameters, refri-
gerating capacity and noise level 
- checking the power input 
(permissible increase 10 %) 
- determination of the oil (2 gra-
duations darker according to 
VDEW-Colour Standard) 
- determination of the driving 
components 
- checking the power input 
- measuring the wear rate 
(determination of weight) 
- checking the parameters, 
refrigerating capacity, 
power input and noise le_vel 
- determination of the wear rate 
Derived from extensive analytic considerations 
the following problems should be solved in 
regard to the experimentations with hermetic 
compressors aiming at a higher level required: 
(1) There is a need of systematizing and 
classifying known testing methods in order 
to set up a low-cost test program based on 
the scientific-technological standard 
(2) Fundamentals of the physical and chemo-
thermal processes in hermetic compressors 
at increased loading (accelerated tests) 
should be worked out with the aim to 
establish the correlation between the 
increased and the actual loading. 
(3) Setting up an optimum test program with 
the aim to obtain a satisfactory result 
on reliability with a minimum of more 
economical tests. 
(4) Establishing requirements for securing or 
increasing the reliability, resp., during 
the process of reproduction, i. e. design, 
carry-over, production, in cooperation 
with suppliers. 
HOW TO CLASSIFY THE TESTS 
It is proposed to group the tests according 
to the following three features: 
1. information content 
2. loads 
]. valuation 
According to the information content tests 
for the determination of suitability and 
reliability are distinguished. Whereas the 
tests used at present with their qualitative 
results may be included in the first group 
the reliability test must show quantitative 
results in form of characteristics and para-
meters, resp •. 
Another feature to distinguish the tests are 
the loads. Increased or severe loads, resp., 
being employed besides the standard loads 
resulting from the operating requirements. 
The first one is used to collect the infor-
mation more quickly. For this purpose the 
increased level of loading must be arranged 
in such a way that a time compression of the 
physical and chemical processes occurring in 
the compressor is insured. With high overloads 
not being permissible additional failure 
mechanisms occur which are not in accordance 
with the actual failure behaviour. 
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The third characteristic feature is the 
valuation technique of test results or 
changes observed during testing. 
The frequency distribution of failures of 
those tests which are run until a failure 
occurs are used as fundamentals for valuation, 
the testing period being established in ad-
vance (determined as to time) or in depen-
dence of the frequency of failures occurring (sequential test). 
The test with hermetic compressors are spe-
cially included in the other category i. e. 
they are not run until failure. Their 
fundamentals for valuation are the physical 
and chemical changes determined after com-
pletion of the tests in the testing periods 
given or in the course of the tests. 
The classification explained is shown in 
Table 2. 
The use of the three-digit index numbers 
according to Table 2 for classifying exami-
nation and test shall facilitate its 
arrangement in a complete reliability system 
within the frame work of design and production 
control of hermetic compressors 
VERIFYING THE RELIABILITY DURING DESIGN 
General 
Whereas the quantitative verification of the 
reliability in operation can be made through 
parameter by means of reliability records, 
a complete series of examinations and tests 
is required for the determination of the 
reliability during design based on the level 
of knowledge in regard to load and load 
capacity as well as due to the relatively 
poor confidence of the values obtained, 
whereby for all loads occurring the veri-
fication of satisfactory load capacity of 
the product as well as its components must 
be insured. Thus the mechanisms acting in 
hermetic compressors should be compiled by 
means of load and failure analyses in order 
to be capable of working out testing methods 
and specifying the conditions for testing. 












Valuation physical determined 




distri- as to time 
'bution of 
failures sequential 
Essential procedures to verify the 
reliability during design 
Index 
number 











- verifying the suitability of components, 
subassemblies, and media 
- small lots of specimens 
-
quali ta ti ve results 
- verifying a satisfactory lang-life behaviour of 
important subassemblies and finished hermetic 
compressors 
- stochastic influences involved 
-
quantitative results et.al. in form of parameters 
- loads in field tests under normal operating 
conditions 
- increased level of load as to the range of 
standard requirements 
- overloads within certain limits insuring time com-
pression (avoiding additional failure mechanisms) 
- determination of changes of the specimen after the 
testing period given, no failure being occurred 
- stoppage of test in case of sufficient information 
about the changes at the specimen 
- evaluation of failure frequency after the testing 
period given 
-
stoppage of test in case of sufficient information 
about failure frequency 
Load Analysis 
according to Table 2 At first considerations as to the reliability 
engineering are based on an analysis of the 
loads of the hermetic compressor, loads 
resulting from physical, chemical and other 
influences which can produce faults or inten-
sify them due to their effects on an object. 
Therefore the fault is the result of a fault 
formation arising from the factors of load 
and load capacity, the load capacity not 
corresponding or no longer corresponding to 
the load acting /4/. 
1. Load analysis 
2. Sui.tabili ty tests wi. th 
materials and media 111 and 121, resp. 
3. Testing the function 
of samples 111 
4. Sequential tests to de-
termine the correlation 
factors for 
reliability tests 112 and 122, resp. 
5. Reliability tests with 
increased loads 223 and 224, resp. 
(laboratory tests) 
6. Reliability tests with 
standard loads 213 and 214, resp. 
(field tests.) 
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LOAD > LOAD CAPACITY fault FAULT., 
formation 
A load analysis at the hermetic compressor 
leads to the result shown in Table J. 
Depending on the process the thermal loads 
are of particular importance as they partly 
Table 3: CLASSIFICATION OF LOADS OF HERMETIC COMPRESSORS 
Charac-
teristic Permissible loads 
feature 
external loads internal loads 




climatic - mechanical - thermal loads - errors in projecting and design conditions loads 
-
chemical loads 
- defective components of the site - mechanical loads refrigerating unit -
- electric loads 
overlap other loads or initiate and accelerate them. For example, the chemical reaction rate is accelerated (Van't Hoff's rule) and design parameters as well as the properties of the 
media are changed. 
When considering the effects of the most im-portant groups of loads i. e. chama-thermal 
and mechanical, the continuous operation and 
starting should conveniently be distinguished. For reasons of an objective and quantitative 
evaluation of test results a unique and distinct coordination of the loads with the individual tests is practical. 
Verification of Load Capacity 
(1) General 
The connection between loads, their influences (design and functional characteristics) and 
the load capacity requires the test results 
to be attained during designing as listed in Table 4. 
(2) Proving the Chemical Stability of Media 
For proving the chemical stability of media Erdman /5/ proposed life testing which, above 
Table 4: RELIABILITY VERIFICATION DURING DESIGN 
Test results 
Components and media Mode of operation 
Designation Scope influenced 
Chemical Chemical and physico- Refrigerant continuous stability chemical behaviour of the refrigerating oil of media system, especially with insulating material high thermal loads wire lacquer (resistance to ageing) sealings 
operating valves 
sliding bearings 
Mechanical static strength driving mechanism continuous strength (compression, tension, cylinder head bending and torsion load fastening elements 
capacity) shell 
resistance to wear sliding parts continuous and 
intermittent 
dynamic strength crankcase intermittent (in particular resistances suspension 
to vibrations and shock discharge line 
resistance) driving mechanism 
(a) due to internal loads operating valves (b) due to external loads motor (during transport) 
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all, is extremely interesting because of the 
time compression being expressed in a quanti-
tative way, whereby any thermal overload of 
the he:tmetic compressor is principally 
e lim ina ted. 
We found that with the test being carried out 
in a conventional way at a mean winding tempe-
rature of 20 K above the maximum permissible 
value the temperatures behind the discharge 
valve are in the range of refrigerant/oil de-
composition so that effects of additional 
failure mechanisms can not be excluded. This 
may also be the cause in the 150 oc-test 
during which qualitative but no quantitative 
results are obtained for the long-life be-
haviour of hermetic compressors. 
(3) Testing the Resistance to Wear 
When projecting and designing hermetic com-
pressors wear processes must be accounted for 
in such a way that the reliability is guaran-
teed during the projected life. This makes it 
necessary to find an optimum adaptation of 
the materials and shape to the loads during 
normal use. 
Wear is characterized by the parameters 
- frictional force 
- rate of removal 
- linear wear intensity 
The amounts of them essentially depending on 
- temperature 
- pressure 
- media used and 
- materials combination (including lubricant) 
according to the wear theory by Kragelski/~/. 
The wear process must be regarded as a 
stochastic process j-_7 I. The statistic effects 
resulting from matching materials and shape 
as well as operating conditions are the cause 
for the variation of wear test results, thus 
leading to an increase of the number of 
specimens to be tested as compared with the 
present number. 
When working out a reliability test for 
testing the wear resistance the method should 
be as shown above, i.e. the time compression 
factor for the test conditions to be estab-
lished must be determined by a suitability 
test (Index No. 112), the results being used 
for the optimum test conditions of the re-
liability test (Index No. 223 and 224, resp.) 
Hammer I 8 , - 9 I carried out wear tests as 
suitability tests using radioactive isotopes. 
Measurements on crank pin - connecting rod 
(materials combination: grey cast iron -
aluminium alloy) provided the values for 
linear wea.r intensity at continuous operation 
given in Table 5 and Fig. 1. 
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Table 5: DETERMINATION OF LINEAR WEAR IN-
TENSITY (CRANK PIN • CONNECTING ROD) 
Measured values Calculated values 
Dis- Clear- Material Rate of Linear 
charge anc:e removal removal wear 
pressure in ten-
in bar in1um in g/16h in1um/h sity 
9,81 15 10-5 2,18·10-4 2,9 ·10-14 
14,71 13 10-5 2,18·10-4 2,9 -10-14 
24,55 15 5·10-5 1,09·10-3 1 ,45•10-13 
29,42 14 6·10-5 1,31·10 -3 1,75·10-13 
34,30 13 5·10-5 1,09·10-3 1 ,45·10-13 
39,25 16 5·10-5 1,09·10-3 1 ,45·10-3 
suction pressure 2 bar 
• according 1o Table 5 
5 
x 11-.':!a~r!X..";:Fs'"te 
1b io 30 bar di~narge pressure 




The graph clearly shows that with the con-
ventional testing methods(discharge pressure/ 
suction pressure 30 bar/2 bar) a time com-
pression having a factor of 8 is achieved 
when the following average values of wear 








-14 (14 •• 16 •• 18)•10 
-14 (1 •• _g_. ,J) ·10 
As expected all values clearly are within the 
range of elastic deformation (wear intensity 
< 10-10). 
Based on these test results the conditions for 
the reliability test for testing the wear 
resistance in continuous operation can be set 
up. The common pressure ratio hitherto used 
- discharge pressure/suction pressure JO bar/ 
2 bar - seems to be suitable. In order to 
avoid high thermal load with beat effects 
the mean winding temperature is to be limited, 
e.g. to about 100 °C. During the test the 
' power input as well as the temperatures of the 
shell, the winding and the discharge connec-
tion must be monitored, systematic deviations 
indicating changes in the specimen. 
The testing period can be different depending 
on the product, provided, the wear process 
will have reached its state of equilibrium 
after the run-in period. The confidence of the 
values obtained is increased by the length of 
time the test is run using a pertinent number 
of specimens. 
Threshold limits for the parameters should be 
established for the evaluation of the test 
result in the usual manner. Exceeding these 
limits indicates that a required quality para-
meter is no longer guaranteed, this being 
equal to a failure. 
The test sequence is proposed as shown in 
Fig. 2. 
On principle, this sequence can also be used 
for other specific reliability tests according 
to Table 4. 
CONCLUSIONS 
The present state in reliability engineering 
in the field of small-sized hermetically 
sealed compre~sors during the stage of design 
offers only a restricted amount of information 
on the reliability. Despite of the variety 
and versatility of the conventional exami-
nations and tests only qualitative results 
are available within the verification of the 
reliability during design. 
A systematization and classification of the 
loads occurring and tests to be employed are 
used as a base of an improvement of this pro-blem. The technique proposed is explained by 
way of example of testing the wear resistance. 
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Testing wear resistance 
Measuring the parameters, refrigerating 
capacity, power input, and noise level 
-----, 
Carrying out the test 
Checking the parameters,power input,mea 
winding temperature,shell temperature, 
and discharge connection temperature 
Exceeding threshold limits? 
yes 
Completion of test 
Measuring the parameters 
Evaluation 
Determination of the reliability 
parameters 
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